Abstract
Introduction

Myocardial infarction (MI) is one of the leading causes of morbidity and mortality throughout the world. In China, a newly industrialized country, it is estimated that 3 million patients have suffered from MI and an additional 0.5 million patients experience acute MI
yearly [1] . Substantial [5] . Although intramyocardial injection was considered to be the most effective route for precise cell delivery to target areas, the intramyocardially injected cells decreased rapidly from 34-80% at 0 hr to 0.3-3.5% at 6 weeks [6] . Besides the delivery route and cell types, several reasons may account for the poor cell survival rate, as illustrated in Fig. 1 [7] . The first week is the crucial time for cell survival and can determine the final therapeutic efficacy. In our previous in vitro study, we demonstrated that serum deprivation, not hypoxia, was the main reason for the apoptotic cell death of BM-derived ischemic mesenchymal stem cells (MSCs) [8] . Mitochondrial dysfunction leading to increased caspase-3 activation could be a major contributor to this process. However, the choice of different oxygen tensions, serum concentrations and various cell types makes it difficult to elucidate the precise mechanisms underlying apoptotic cell death [9] . Clearly, with the increasing understanding of the signalling pathways involved in cell survival, dedicated strategies should be capable of creating a friendly milieu of host infarcted myocardium to improve long-term cell viability in vivo.
. Thus, the transplanted cells face the serious challenge of an unfriendly environment in which they may not survive. The deprivation of oxygen and nutrient supply, the mechanical tension from myocardial motion and various cytotoxic factors in the ischemic myocardium can result in large-scale cell apoptosis and death. The in vivo cell proliferation and differentiation of transplanted cells usually occurs weeks after transplantation
Extracardiac cell redistribution and consequent safety issues
In a non-human primate model, culture-expanded MSCs were infused by an intravenous route. The cells were distributed to a wide range of tissues including gastrointestinal tissues, lung, skin, thymus, etc. [10] . Our previous study also revealed extensive extracardiac cell distribution after intramyocardial injection into the border zone of an acute MI area [11] .
In another preliminary study, we injected male MSCs into a sexmismatched rat chronic MI model (Fig. 2) [12] . In the clinical experience of angiogenic gene therapy, unwanted angiogenesis, including liver haemangioma and retinopathy, was observed. Therefore, a control of the expressed angiogenic factors to the local ischemic myocardium was advocated [13] .
At this time, little is known about the impact of escaped progenitor cells on extracardiac organs. These migrated progenitor cells could participate in ongoing local cellular turnover and replacement. A previous study has shown that transplanted BM cells could be a double-edged sword with an unexpected negative impact on the liver
Recently, more robust cell types, including induced pluripotent stem cells (iPS) and cardiac stem cells were introduced into the field of heart cell therapy [14, 15] Fig. 3) . In vitro gene modification could be very labour intensive and carry inherent risks for future clinical translation. Therefore, some more convenient approaches such as hypoxia, heat shock and low-level laser irradiation (LLLI) have also been applied for in vitro cell manipulation [16] . These approaches could induce faster cell proliferation, augment cytokine release and increase preconditioning or antihypoxia ability. Another easy way to enhance cell retention is to increase the size of the injected cells with microencapsulation [17] . The size of freshly isolated progenitor cells is usually [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [19] . Recently, it was demonstrated that microRNAs participate in the ischemic preconditioning. The increased expression of miR-210 promoted transplanted cell survival in an acute MI model [20] . Tannic acid is a natural plant polyphenol. Local injection of 
A hybrid approach to support cell survival and decrease cell escape
Various approaches have attempted to support the survival and engraftment of implanted cells (summarized in
